Ti-Al alloy is one of the lightweight superalloy materials with the best comprehensive properties, and is the preferred material for aerospace engine, supersonic aircraft and nuclear power plant. Ti-Al alloys need to undergo laser melting, metallurgical reaction, hot isostatic pressing, isothermal forging, mechanical processing and other processes in production and engineering applications. The existence of voids and impurities will inevitably lead to structural defects of the material itself, and the internal cracks of the 
Introduction * Corresponding author; e-mail: buchiwu@126.com material will occur. In addition, Ti-Al alloy parts in high temperature, high pressure, high load and other complex working environment, also lead to produce internal or surface micro-cracks. The cracks will degrade the comprehensive properties and even cause the occurrence of safety accidents. Therefore, it is necessary to carry out non-destructive testing (NDT) for micro cracks in Ti-Al alloy.
In light of the above, it is then necessary to take suitable NDT procedures for the quality check and health monitoring of Ti-Al alloy structures. Ultrasonic setups are usually used for post-manufacturing quality check. Ultrasonic pulse echo, ultrasonic phased array and eddy current testing are effective in detecting small cracks, pores and delamination, but they are just suitable for small parts of the analysis, and are not convenient for large areas of analysis [1] [2] [3] . Transient thermal imaging technology is a popular accepted technique for large area detection can be done quickly and without contact, and because real images of defects can be easily recorded and analyzed in [4] [5] [6] [7] . Infrared non-destructive testing has been widely used in aerospace, nuclear power, petrochemical industry due to its non-contact, high efficiency, simple operation and no coupling [8] [9] [10] . Infrared thermal wave non-destructive detection is mainly divided into pulsed infrared thermal imaging [11] , phase-locked thermal imaging [12] , ultrasonic thermal imaging [13] . Pulsed infrared thermal imaging has become mature with high detection efficiency and wide application range. The main aims of the manuscript is to establisht the fractional heat transfer model of Ti-Al alloy plate specimen excited by short pulse laser spots arrayand to carryd out the infrared thermal imaging simulation analysis by the finite element method.
Detection principle
Under the action of external heat source, the temperature of Ti-Al alloy specimen rises, and the temperature field distribution tends to change gradually from heat source to infinite area. Due to the existence of cracks in the material itself, the heat transfer leads to temperature abrupt jump on both sides of the crack. According to Fourier heat equation, the heat conduction equation of Ti-Al alloy plate under short pulse Gauss laser excitation can be expressed as follows [14] :
where T is the temperature distribution, ρ is the material density, p C is the specific heat capacity, t is the time, x is the thermal conduction distance, and λ is the thermal conductivity coefficient. The fractional order heat transfer parameter model was given as follows [15] :
where ρ is the material density , p C is the specific heat capacity, λ is the thermal conductivity coefficient, Q is the heat of outflow, Q ea is the absorbed heat. The space of the crack is defined as air. The thermo-physical parameters of the material are shown in table 1. 
Experimental study

Sample preparation and experimental methods
Gauss pulse laser with thermal power P=1000kW is taken as the excitation source. The laser beam is divided into 5×5 array laser spots with the diameter of D=3mm. and a Ti-Al alloy thin plate of 60×60×6mm is used as the simulation specimen. The position distribution of the laser spots array on the surface of the specimen is shown in figure 1 . The Gauss impulse function G(t) can be written as follows:
The distance between the crack and its nearest laser spot center is l, as shown in figure 2. The surface temperature abrupt jump between the two sides of the crack symbolled T ∆ is used to analyze the effect of the width and depth of the crack, and the distance between the crack and its nearest laser spot center. 
Numerical Simulation and Results Analysis
The temperature distribution of the upper surface of Ti-Al alloy under thermal excitation can be obtained by the finite element simulation calculation. The factors affecting the temperature distribution include the thermal conductivity of the specimen, the power of the excitation source, the time of simulation calculation, the geometric parameters of the crack and the location of the crack. Figure 3 shows the upper surface temperature distribution of transversal line cross the crack defect location. From Figure 3 , it can be seen that the temperature curve is smooth Gaussian curve at the crack-free zone. While the temperature curve has an abrupt jump at the crack zone. and 16.2K, respectively. It can be seen that the crack width has a significant effect on the upper surface temperature abrupt jumps of specimen with cracks. In order to obtain the effect of crack width on temperature abrupt jump, more different crack widths, such as temperature abrupt jumps corresponding to the widths 0.04, 0.08, 0.12, 0.14, 0.16, 0.18 and 0.20, are also simulated and calculated under the premise that the length and depth of the cracks remain unchanged. Thus, the effect of crack width on temperature abrupt jump is obtained, as shown in figure 5 . Figure 4 . The temperature distribution of the specimen surface with different crack width Figure 5 shows that when the crack width is in the range of 0-0.14 mm, the temperature abrupt jump at the crack zone is larger; when the crack width is in the range of 0.14-0.2 mm, the change range is smaller, it means that, with the increase of crack width, it has less and less effect on temperature abrupt jump. Figure 6 shows the upper surface temperature distribution of specimen with crack length a=20 mm, crack width b=5 mm, distance l=3 mm and crack depth h equals 2.0, 2.5, 3.0 and 3.5 mm, respectively. The temperature abrupt jump T ∆ is 12.47, 12.50, 12.51 and 12.52 K, respectively. It can be seen that the crack depth has an obvious effect on the upper surface temperature abrupt jumps of specimen with cracks. In order to obtain the effect of crack depth on temperature abrupt jump, more different crack depths, such as temperature abrupt jumps corresponding to 4,4.5,5 and 5.5 mm, are also simulated and calculated under the premise that the length and width of the cracks remain unchanged. Thus, the effect of crack depth on temperature abrupt jump is obtained, as shown in Figure 7 . Figure 6 . The temperature distribution of the specimen surface with different crack depth Figure 7 shows that, with the increase of crack depth, the change of temperature jump tends to be stable. Figure 8 shows the upper surface temperature distribution of specimen with crack length a=5mm, crack width b=0.01mm, crack depth h=5mm and the distance between the crack and its nearest laser spot center l equals 0.75, 1.5 and 3.0mm, respectively. The temperature abrupt jumps T ∆ is 2.78K, 14.3K and 0.57K, respectively. It can be seen that the distance has a significant effect on the upper surface temperature abrupt jumps of specimen with cracks. In order to obtain the effect of the distance on temperature abrupt jump, more different distance values, such as temperature abrupt jumps corresponding to 0.25,0.5,1,1.25,2,2.5,4,4.5 and 5.0 mm, are also simulated and calculated under the premise that the length and width of the cracks remain unchanged. Thus, the effect of the distance between the crack and its nearest laser spot center on temperature abrupt jump is obtained, as shown in figure 9 . Figure 8 . Surface temperature distribution of specimen under different crack locations Figure 9 shows that when the distance l=0-1.5mm, i.e., the crack intersects with the laser spot, with the increase of l, the temperature abrupt jump T ∆ also increases. When the distance l=1.5~5.0mm, i.e., the crack is separated from the laser spot, as the distance l increases, the temperature abrupt jump T ∆ becomes smaller and smaller. When the distance l=1.5mm, the crack is tangent to the laser spot, the temperature abrupt jump T ∆ reaches the maximum. When the distance l=5mm, the crack is located at the middle of the two laser spots, and the temperature abrupt jump T ∆ is almost zero.
Effect of crack position on temperature jump
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△T/K Figure 9 . Effect of crack position on temperature abrupt jump (a =5mm, b =0.01mm, h =5mm)
Conclusions
The infrared thermal imaging simulation model based on fractional heat transfer theory was used to calculate the temperature distribution on the surface of Ti-Al alloy plate specimen under thermal excitation of laser spots array. The existence of cracks in the specimen leads to surface temperature abrupt jump. The effects of crack width, crack depth and the distance between the crack and its nearest laser spot center on temperature abrupt jump is analyzed. With the increase of crack width and depth, the temperature abrupt jump increases, but the trend gradually slows down. The distance between the crack and its nearest laser spot center has a significant effect on the temperature abrupt jump. With the increase of the distance, the temperature abrupt jump first increases and then decreases. When the distance equals the laser spot radius, that is, the crack is tangent to the spot, the temperature abrupt jump reaches its maximum. 
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